Abstract The aim of this paper is to introduce a new distance-based similarity measure for refined neutrosophic sets. The properties of the proposed new distance-based similarity measure have been studied and the findings are applied in medical diagnosis of some diseases with a common set of symptoms.
Introduction
The vagueness or uncertainty representation of imperfect knowledge becomes a crucial issue in the areas of computer science and artificial intelligence. To deal with the uncertainty, the fuzzy set proposed by Zadeh [1] allows the uncertainty of a set with a membership degree between 0 and 1. Then, Atanassov [2] introduced an intuitionistic Fuzzy set (IFS) as a generalization of the Fuzzy set. The IFS represents the uncertainty with respect to both membership and nonmembership. However, it can only handle incomplete information but not the indeterminate and inconsistent information which exists commonly in real situations. Therefore, Smarandache [3] proposed a neutrosophic set. It can independently express truth-membership degree, indeterminacy-membership degree, and false membership degree and deal with incomplete, indeterminate,and inconsistent information. Also, several generalization of the set theories made such as fuzzy multi-set theory [4, 5] , intuitionsitic fuzzy multi-set theory [6] [7] [8] [9] [10] and refined neutrosophic set theory [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] . Many research treating imprecision and uncertainty have been developed and studied. Since then, it is applied to various areas, such as decision making problems .
Another generalization of above theories that is relevant for our work is single valued neutrosophic refined (multi) set theory by introduced Ye [45] which contain a few different values. A single valued neutrosophic multi set theory have truth-membership sequence 
The addition of A and B is denoted by A +B = U 1 and is defined by
The multiplication of A and B is denoted by A X B = U 2 and is defined by
B (u) ∀ u ∈ U and i = 1, 2, . . . P Here ∨, ∧, +, ., − denotes maximum, minimum, addition, multiplication, subtraction of real numbers respectively.
Definition 5 [12] Let
: u ∈ U And be two NMSs, then the normalized hamming distance between A and B can be defined as follows:
where A, B are two SVNSs p > 0, w i (i = 1, 2, . . . , p) are the weight of the element x i (i = 1, 2, . . . , p)
with w i ≥ 0 and
In the next section, we will define a new Hybrid Distance-Based Similarity Measures for Refined Neutrosophic Sets (RNSs) 3 Hybrid Distance-Based Similarity Measures for Refined Neutrosophic Sets Definition 6 For two refined neutrosophic sets A and B in a universe of discourse which are denoted by 1] for every i = 1, 2, . . . P . Let us consider the weight ω i i = 1, 2, . . . P with ω i ≥ 0, i = 1, 2, . . . P and
Then, we define the refined generalized neutrosophic weighted distance measure:
where P > 0.
As the Hamming distance and Euclidean distance, which are two typical distance measures, are usually used in practical applications when P = 1, 2 we can obtain the refined neutrosophic weighted Hamming distance and the refined neutrosophic weighted Euclidean distance, respectively, as follows:
Therefore, equations (2) and (3) are the special cases of equation (1). Then, for the distance measure, we have the following proposition.
Proposition 7
The distance measured p (A, B ) for p > 0 satisfies the following properties:
Proof: It is easy to see that d p (A, B) satisfies the properties (H1) − (H3) Therefore, we only prove (H4). Let A ⊆ B ⊆ C, then
and i = 1, 2, . . . P we obtain following relations:
Example 8: Assume that we have the following three refined neutrosophic weighted Hamming distance and the refined neutrosophic weighted Euclidean distance, in a universe of discourse u ∈ U: 
be two refined neutrosophic sets. Then, hybrid similarity measure between refined neutrosophic sets A and B denoted
for i = 1, 2, . . . , P . Note that similarity and distance (dissimilarity) measures are complementary: when the first increases, the second decreases. Normalized distance measure and similarity measure below are dual concepts. Thus,
and vice versa. The properties of distance measures below are complementary to those of similarity measures.
Remark: Then, to compare hybrid similarity measures, the positive ideal refined neutrosophic solution and negative ideal refined neutrosophic solution are defined as;
respectively, for i = 1, 2, . . . , n. 
in a universe of distance ∀ u i ∈ U. Thus, according to the relationship between the distance and the similarity measure, we can obtain the following refined neutrosophic similarity measure:
Obviously, we can easily prove that δ 1 (A,B) satisfied the properties (HD1) − (HD4) in proposition 10 by the relationship between the distance and the similarity measure and the proof of proposition 7, which is omitted here. Furthermore, we can also propose another refined neutrosophic similarity measure:
Then, the similarity measure δ 2 (A, B) also satisfied the properties (HD1) − (HD4) in Proposition 2.
Proof: It is easy to see that δ 2 (A, B) satisfies the properties(HD1) − (HD3). Therefore,we only property have to prove (HD4) As we obtain δ p (A, B) ≤ δ p (A, C) and δ p (B, C) ≤ δ p (A, C) for p > 0 from the property (H4) in proposition 1, there are 1
Then, there are the following inequalities:
Then, there are δ p (A, C) ≤ δ p (A, B) and δ p (A, C) ≤ δ p (B, C). Hence, the property (HD4) is satisfied. 2 Example 11: Assume that we have the following two refined neutrosophic hybrid similarity measure in a universe of discourse u ∈ U; let ω 1 = 0.2, ω 2 = 0.3, ω 3 = 0. 
Medical Diagnosis Using the Hybrid Similarity Measure
We consider a medical diagnosis problem from practical point of view for illustration of the proposed approach. Medical diagnosis comprises of uncertainties and increased volume of information available to physicians from new medical technologies. The process of classifying different set of symptoms under a single name of a disease is a very difficult task. In some practical situations, there exists possibility of each element within a lower and an upper approximation of refined neutrosophic sets. It can deal with the medical diagnosis involving more indeterminacy. Actually this approach is more flexible and easy to use. The proposed similarity measure among the patients versus symptoms and symptoms versus diseases will provide the proper medical diagnosis. The main feature of this proposed approach is that it considers truth membership, indeterminate and false membership of each element between two approximations of refined neutrosophic sets by taking one time inspection for diagnosis. Now, an example of a medical diagnosis is presented. Let P = {Erol, Harun, Deniz} be a set of patients, D = {Viral Fever, Tuberculosis, Throat} disease be a set of diseases and S={Throat pain, headache, body pain}be a set of symptoms. Our solution is to examine the patient at different time intervals (three times a day), which in turn give arise to different truth membership, indeterminate and false membership function for each patient in Table 1-Table 8 . Let ω 1 = 0.2, ω 2 = 0.5, ω 3 = 0.3. Let the samples be taken at three different timings in a day (in 07:00, 15:00 and 23:00) 
Conclusion
In this paper, a new hybrid similarity measure and a weighted hybrid similarity measure for refined neutrosophic sets are presented and some of its basic properties are discussed. The proposed hybrid similarity measure enriches the theories and techniques for measuring the degree of hybrid similarity between refined neutrosophic sets. This measure greatly reduces the influence of imprecise measures and provides an extremely intuitive quantification. The effectiveness of the proposed hybrid similarity measure is demonstrated in a numerical example with the help of measure of performance and measure of error (refer to Table 1 -8) . Moreover, medical diagnosis problems have been exhibited through a hypothetical case study by using this proposed hybrid similarity measure. The authors hope that the proposed concept can be applied in solving realistic multi-criteria decision making problems.
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